a r t i c l e i n f o a b s t r a c t Decades of systematic archaeological investigations highlight the importance of fish and fishing for prehistoric people along the central coast of California, but to date temporal and spatial trends remain unsynthesized. An evaluation of 202,177 fish remains from 86 sites on the central coast of California yielded a sample of 75,532 NISP from temporally and methodologically controlled contexts. Seventynine temporal components demonstrate a 10,000-year history of fishing within estuaries, along the open rocky coast, and on the Monterey Peninsula. Fishes within six taxa dominate the record throughout including New World silversides, small surfperches, and members of the herring family which almost certainly were caught with nets, and rockfish and cabezon which were amenable to individual hook and line capture. The persistent dominance of these fishes suggests that nets and hooks/gorges were employed throughout the sequence along with watercraft. Only very modest changes are apparent between 10,000 and 300 years ago, suggesting continuous harvest of a relatively productive, stable resource that was too abundant to be seriously impacted by pre-European harvesting practices. There is no evidence for gradual or incremental intensification in fishing, rather there are three intervals of change in fish remains and inferred fishing practices that reflect changes in human population and/or environment. There is no compelling evidence for depression of the prehistoric fishery and the record seems to reflect epiphenomenal sustainability related to low human populations and a highly productive, upwelling-fueled, under-exploited fishery. Comparison of the prehistoric record with enormous yields recorded historically further supports this conclusion. .
Introduction
More than a century ago ethnographers established that fishdependent hunter-gatherers, like those on the Northwest Coast of North America, were profoundly different from their terrestrial counterparts (see Kelly, 1996; Pálsson, 1988; Plew, 1996) , representing what would eventually be classified as ''complex foraging." For most of the ensuing century it was often assumed that such adaptations were relatively recent developments-a notion that was supported only by a very limited archaeological record. By the end of the 20th century, however, archaeology demonstrated that such assumptions were unfounded; that coastal adaptations have significant antiquity in North America and beyond, and seem to have facilitated a coastal migration into the New World (Erlandson, 2001 (Erlandson, , 2002 Erlandson et al., 2007 Erlandson et al., , 2008a Erlandson et al., , 2011a . In light of such recognition archaeologists have been working in earnest to try to understand the energetics of marine resource acquisition and the use of coastal habitats, often employing optimization concepts with archaeological faunal remains. Such models have repeatedly demonstrated their value in furthering the understanding of coastal resource use, and many have led to arguments that marine resources were overexploited prehistorically . In California arguments have been advanced for overexploitation of shellfish (Botkin, 1980; Erlandson et al., 2008b; Jones, 1996) , marine mammals (Hildebrandt and Jones, 1992, 2002) , marine birds (Broughton, 2004; Jones et al., 2008a; Whitaker, 2010) ; and fish (Broughton, 1994 (Broughton, , 1997 Broughton et al., 2015; Salls, 1992) . While many early proposals for marine resource overexploitation and resource depression were largely conjectural (Botkin, 1980; Salls, 1992) more recent cases, especially for shellfish, have been bolstered with meaningful empirical evidence (e.g., Erlandson et al., 2008b Erlandson et al., , 2011b . Solidly supported cases for overexploitation of marine fish, however, are much less common, although Broughton et al. (2015) recently made a convincing argument for depression of sturgeon populations prehistorically in San Francisco Bay, superseding an earlier study by Gobalet and Hardin (2009) who were unable to find support for depletion of sturgeons in that area with a meta-analysis. Sturgeon were enormous fish (individuals can reach over 800 kg) fish that were probably unusually visible and vulnerable, with low populations uniquely susceptible to overexploitation-akin to the flightless duck that was hunted to extinction prehistorically in California (Jones et al., 2008a) . In fact with the initiation of a commercial fishery for sturgeon around 1870 by Euroamericans, it took only 30 years before the population of white sturgeon in the San Francisco dropped to the point that they were considered to be on the brink of extinction and the California legislature temporarily abolished the fishery (Skinner, 1962:84) . But in terms of prehistoric depression, sturgeon might best be considered the exception, not the rule. In many other instances, the empirical record seems to suggest that fisheries were essentially unaffected by prehistoric human exploitation -as was the case in South Polynesia (Anderson, 2008) , Peru (Reitz et al., 2008) , and the Northwest Coast of North America (Butler and Campbell, 2004) . That fisheries in some parts of the world at least could withstand continued, substantial harvest over time may help explain the development of complex technologies used to exploit them and the perpetuation of fishing-related cultures. Of all of the marine resources associated with intensive hunter-gatherer economies, fish are linked to the most complex technologies and seem most tightly linked to heightened levels of socio-political complexity as can be seen in both southern (Arnold, 1992 (Arnold, , 1995 (Arnold, , 2001 (Arnold, , 2004 Erlandson and Rick, 2002; Gamble, 2008; Kennett, 2005; Pletka, 2001; Rick, 2007, among others) and northwestern California (Hildebrandt, 1984; Kroeber, 1925; Tushingham, 2009 ).
Here we report the results of our synthesis of a substantial quantity of fish remains data from the central coast of California undertaken with an eye toward identifying temporal variation that could indicate the relative intensity of fishing and possible overexploitation. The ethnographic record from this area, limited to accounts from two centuries ago, constrains our ability to generate meaningful estimates of the pursuit and processing costs associated with indigenous fishing in pre-modern habitats. Nonetheless, general trends do allow us to roughly approximate the profitability of fishing based on the diversity of the fishes caught and the technology required to catch the fish. We evaluate the possibility of overexploitation with an extensive data set resulting from CRM and other investigations in this region that have produced a substantial quantity of fish remains (here we consider a regional NISP of 202,177) representing a 10,000-year record of fishing. To evaluate this sequence we establish methodological and analytical protocols for evaluating a massive fish remains data set in combination with the archaeological record of fishing technology in order to identify possible diachronic variation in fishing patterns. By holding methodological, analytical, and geographic variables constant we aspired to examine the relationship between technological changes and possible shifts in the most abundant species caught in order to determine whether any such changes might reflect overfishing-or whether alternative explanations would be more parsimonious. We conclude that central California fisheries were resilient to overexploitation and that the little diachronic variation that can be identified is better explained with reference to settlement, seasonality and environment. We bolster this assessment with comparison to modern fishing yields that show unequivocally that this regional fishery was one of enormous productivity owing to its position in the western Pacific in a zone of intense upwelling. Unlike Kennett et al. (2008) who found that huge historic changes in the less productive fisheries of southern Mexico were preceded by small-but-noticeable human-induced changes in prehistoric times, we can find no definitive evidence that the fisheries of central coastal California were significantly impacted by humans until the 19th century. These conclusions echo those of Butler and Campbell (2004) who found no evidence for depression of fish resources on the Northwest Coast. Further, at least in the California case, there is no obvious reason to consider this anything other than epiphenomenal sustainability (Smith and Wishnie, 2000) and not a product of deliberate conservation on the part of indigenous fishing people.
General working concepts
Recent studies seeking to explain the prehistoric impacts of humans on local fauna typically approach the record from the perspective of historical ecology (e.g., or behavioral ecology (Kennett, 2005) . Both examine how the relative abundance of prey species vary through time as a function of human exploitation, but the latter has the benefit of developing clear predictions about which prey people should prefer and how individuals should respond to local environmental variation (Bird and O'Connell, 2006; Codding and Bird, 2015) . This is accomplished through the application of formal models, the most common of which is the prey choice model (e.g., Charnov, 1976) . From this perspective, if prehistoric fishing strategies were directed toward maximizing harvest rates, then individuals should preferentially target those species that offer the greatest energetic returns and only acquire prey of lower profitability when these high ranking species decline in abundance (see a detailed review by Codding and Bird, 2015) . One potential confound that is particularly important to consider with fish involves technology: gaining the highest possible energetic returns may necessitate specific technologies that require significant investment in manufacture and maintenance, which may only be worth it when people allocate large portions of their subsistence time to fishing (Ugan et al., 2003) . Thus, both the aspects of the targeted species and the technology needed to capture them are required to understand the profitability of different fishing strategies. As mentioned in the introduction, understanding fishing profitability along the central California coast is not easy given the lack of local quantitative ethnographic data, but we can make some general rankings based on global patterns that co-vary with known targeted species or technological characteristics. Examining variation in the post-encounter return rates for 25 fish prey types from ethnographic observations in Oceania (Bliege Bird and Bird, 1997; Raven, 1990) and experimental studies in North America (Lindstrom, 1996; Thomas, 2008) show that profitability (1) generally increases with fish size and (2) generally increases when caught en masse (e.g., with nets; Fig. 1 ). This provides two clear ways to rank the available fish taxa based on their profitability. If human fishing pressure results in overexploitation, then the record should show individuals transitioning to lower profitability size classes or technologies through time. If individuals exploit relatively high ranking fish throughout the sequence, then the record should show only limited diachronic change.
Regional working hypotheses
While the importance of fishing to the insular societies of southern California has been investigated extensively in the last few decades (Arnold, 1992 (Arnold, , 1995 (Arnold, , 2001 (Arnold, , 2004 Erlandson and Rick, 2002; Gamble, 2008; Kennett, 2005; Pletka, 2001; Rick, 2007; Turnbull et al., 2015 , among others) the relative significance of fish to foraging groups of the central mainland of California has not been systematically evaluated (although see the recent work by Boone, 2012) in spite of the fact that an archaeological study by Greenwood (1972) demonstrated over 40 years ago that fishing has an antiquity of at least 9000 years in this region. At that time, Size Class Capture Method Fig. 1 . Post-encounter profitability of (left) and capture technology (right) from ethnographic and experimental studies. Fitch (1972) showed the diversity of species exploited at one site along one stretch of exposed rocky shoreline (Diablo Canyon) in San Luis Obispo County. Since then, several hundred archaeological sites have been excavated along the central shores of California (see Jones et al., 2007) , and while not all of these have produced fish remains, there exists an extensive, unsynthesized body of archaeological data on fish and fishing that represents virtually all major aquatic habitats in the region and nearly all culturallydefined intervals of time for the last 10,000 years. Gobalet and Jones (1995) summarized 78,730 fish remains from 51 of these sites, but the approach at that time was strictly atemporal; they summarized the range and diversity of fishes represented in different prehistoric habitats but with no consideration of variation through time. Gobalet (2000) and Gobalet et al. (2004) added to the data base, but again provided only site species lists and NISP for an audience of biologists.
In the current paper we re-consider the data presented in 1995, 2000, and 2004 and supplement it with additional zooarchaeological findings reported in subsequent years, and order all findings chronologically and by habitat, and further consider the chronology of fishing technologies as represented in the regional artifact record. Specifically, we summarize the prehistoric archaeology of fish and fishing for the two counties on the central California coast (Monterey and San Luis Obispo) that have yielded the most fish remains and fishing-related artifacts from well-dated contexts with clearly described methods of recovery and specimen identification. Fitch (1972) who completed the first important analysis of fish remains in the region also proposed the first interpretations. Based on findings from a column sample processed with 1.0 mm mesh from the 9000-year sequence at CA-SLO-2 on the exposed rocky coast, he argued that the earliest site inhabitants used only the simplest technology and fished exclusively for species that could be found under exposed rocks and in tidepools and caught by hand. He also suggested that some type of shore-based traps might have been employed, and that simple watercraft were probably used to reach the outer edges of kelp beds. This interpretation is consistent with regional ethnography. Although he did not speculate explicitly about the chronology of watercraft use, Fitch emphasized shoreline-based fishing for the earliest site inhabitants. The only significant change that he detected was an increase in the relative number of fish remains in the upper third of the 3.4 m deep deposit that he associated with the advent of curved shell fishhooks. Hence the earliest ideas about fishing in the region suggested that two technologies-curved hooks and watercraft-influenced the character of the local marine adaptations.
Since Fitch (1972) , much greater antiquity has been recognized for the use of watercraft along the California coast (Des Lauriers, 2010; Erlandson et al., 2007 Erlandson et al., , 2008a Erlandson et al., , 2011a Raab et al., 2009, among others) . Findings from the Channel Islands indicate that boats of some type were being used 200 km south of the current study area by 13,000-12,000-years ago (Erlandson et al., 2011a) . Jones et al. (2008b) who subsequently analyzed fish remains from CA-SLO-2 that had not been evaluated by Fitch (1972) concluded that it was most likely that site inhabitants had watercraft from the very outset of that mainland occupation. Also, in the Santa Barbara area, particularly on the islands, fish remains became distinctly more abundant in sites over the course of the Holocene (Glassow, 1993) and most scholars believe that increased fishing resulted from the appearance first of shell fishhooks ca. 3000 cal BP and later, better boats (the sewn-plank canoe) ca. 1500 cal BP. This most recent technological transition did not occur on the central coast mainland, however, where the ethnographic record indicates only the use of tule balsa canoes. Whitaker and Byrd (2012) , however, suggested that boat use increased on the central coast during the Late Period in order to increase exploitation of shellfish.
McKenzie (2007) proposed a model for the Channel Islands based on experimental fishing with replicated shell hooks in which he suggested that the development of the shell fishhook was a critical turning point in the trajectory of Chumash cultural evolution. While he did not suggest that hooks caused cultural complexity, his findings showed that, relative to the earlier bone gorges, hooks allowed for more effective exploitation of nearshore fisheries which he felt contributed to increased population growth, sedentism, and craft specialization (see Arnold, 1992) . The latter developments are not apparent on the central coast mainland, however, or are at best only weakly substantiated. The intensive fisheries and extremely dense concentrations of fish bone found on the Channel Islands (Kennett, 2005; Pletka, 2001; Rick, 2007) , seem unique to those insular settings and have not been documented on the central coast mainland. Indeed one purpose of the present paper is to sort out trends over time on the mainland from the more heavily studied and highly publicized findings from the southern California islands. Codding and Jones (2007) are among authors who have applied human behavioral ecology to central coast fishing strategies. They interpreted the high frequency shell hooks and notched-stone net weights at CA-SLO-9 as reflections of increased hook and line fishing relative to net-based fishing during the Middle-Late Transition, and further attributed the shift to changes in regional social relations caused by drought-related resource scarcity during the Medieval Climatic Anomaly (MCA) which in turn caused men to spend more time fishing than hunting. This is also one of several papers where a case has been made for increased fishing during the MCA due to reduced terrestrial productivity (Codding and Jones, 2007; Codding et al., 2010; Jones and Ferneau, 2002) . Joslin (2010) made a similar case for drought-caused subsistence change on the northern San Luis Obispo coast near Cambria. Boone (2012) , using a greatly improved regional paleoclimatic sequence, further argued for drought-induced changes in fishing practices in the Monterey Bay area during the MCA.
Boone's (2012) study was also the first in the region to focus almost exclusively on fish remains. Using data from 11 sites in the Monterey Bay area she proposed a trans-Holocene model for fishing that recognized a long-term reliance on watercraft and greater overall importance of fish in the diet early on. She also suggested that fisheries featured mass-capture and greatest variety during the Millingstone/Lower Archaic Period with decreasing species diversity over time. Using a more fine-grained assessment of local habitats than we employ here she developed a patch and decision based model that incorporated paleoenvironmental variation. She recognized a decrease in sharks and rays over time and distinctive changes in habitat choice during the MCA, but no evidence for changes in fishing across the Early-Middle Period transition -a period that some have associated with an intrusion of new cultural groups into the Monterey Bay Area Haversat, 1980, 2011; Dietz, 1987; Moratto, 1984) . Indeed culturally-mediated change in fishing represents yet another alternative explanation for variation in fishing practices, particularly in the Monterey Bay area which has long been thought to have witnessed a population replacement with intruding Utian-speaking peoples supplanting earlier speakers of Hokan languages (Kroeber, 1925 ; see also Codding and Jones, 2013; Golla, 2011) .
Contextual background

Aquatic habitats
Our study area includes the coast encompassing the shorelines of Monterey and San Luis Obispo counties on the central coast of California (Fig. 2) . This stretch of the central California coast is marked mostly by relatively small creeks and rivers that drain the ranges that front the Pacific shoreline. The exception to this is the Salinas River, including its two major tributaries, the San Antonio and Nacimiento which drain the interior and the eastern flanks of the South Coast Ranges through the Salinas Valley. The Salinas empties into the Pacific in the central portion of Monterey Bay where it formerly was part of an extensive estuary complex that also includes the lower reaches of the Pajaro River and the Elkhorn Slough lagoon. Fish remains from Elkhorn Slough (Gobalet, 1990 (Gobalet, , 1993 and geomorphology indicate that this lagoon once was connected with the Sacramento/San Joaquin rivers (Gordon, 1979; Harden, 2004) . The Salinas/Pajaro/Elkhorn complex, referred to here simply as Elkhorn Slough, is the largest estuary on the central coast. Few archaeological sites have been recorded in the Salinas Valley upriver from the estuary and there is little evidence to suggest that its inland fisheries attracted great interest from native people. This situation differs with north-central California where the ethnographic record describes salmon-reliant societies concentrated along river banks. The Elkhorn Slough estuary was a major attraction for prehistoric settlement, but the rivers upstream were not. As such, the current paper focuses only on the open coast and estuarine fisheries and will not deal in detail with the comparatively limited freshwater fisheries. The other substantial bay/estuary environment on the central coast, Morro Bay, is also ringed by prehistoric sites that reflect exploitation of its estuarine/bay fisheries among other things. Unlike Elkhorn Slough, however, Morro Bay is not connected to any major river. Its sheltered habitats are the product of an extensive sand spit that developed in the late Pleistocene-early Holocene creating a barrier to the open ocean (Masters and Aiello, 2007) . There is also good archaeological evidence for at least one major estuary in the vicinity of Pismo Beach/Arroyo Grande that existed during the early and middle Holocene but was covered up by sea level rise over the course of the Holocene (Dills, 1981; . This paleo-estuary is referred to as Halcyon Bay. Other submerged estuaries have been identified further south along the California coast (Erlandson, 1985) .
The disappearance of small estuarine systems is an extreme example of changes in fish habitats over time. These systems developed in deeply-incised, Pleistocene river channels that were flooded during post-Last Glacial Maximum (ca. 18,000 years ago) sea level rise (Masters and Aiello, 2007) . In general they were deeper and larger during the terminal Pleistocene-early Holocene, but filled with sediments and became smaller and shallower after midHolocene when sea level rise slowed and was out-paced by sediment accumulation. While smaller systems filled and disappeared early, larger estuaries like Morro Bay probably reached its greatest size ca. 5000 years ago as attested by dated estuarine shellfish assemblages (Jones et al., 1994) , and decreased in size afterwards due to accumulation of sediment. Adding to the complexity of habitat changes in these systems is variation in sea-surface temperatures along the California coast (Boone, 2012; Kennett and Kennett, 2000) , and shifts in the courses of the Pajaro and Salinas rivers that emptied into Elkhorn Slough. Such changes through time could potentially contribute to variation in fish populations, and stand as yet another alternative explanation for variation in the archaeological record.
Extensive fish habitats in the region are variants of open coast including those with rocky shelves and reefs and intermittent kelp forests, and others fronted by sandy beaches with sandy substrates. These habitats are found along the Big Sur coast of southern Monterey County and the north and central coast of San Luis Obispo County. Exposed rocky shores also front the Monterey Peninsula, but this setting is unique peninsular environment with alternating exposed coast and sheltered coves. Here we treat it as its own separate habitat.
Historically, the primary natural ports that were relied upon by the Spanish to settle the region in the 1700s and early 1800s were the sheltered embayments at Avila Beach and Monterey. These locations also have the longest histories of commercial fishing. More recent commercial fishing centers were established at Morro Bay and Elkhorn Slough by the construction of artificial harbors in the 20th century. We employ the historic catch records from Morro Bay as important comparative data to contrast with the prehistoric fish yields.
The fishes
We restrict our consideration here to the fishes that are represented archaeologically. Most of the larger fishes currently present in nearshore waters seem to be represented in shoreline archaeological sites, however, it is not always possible to designate bones to a species especially when the materials are typically well worked, and fragmentary. The archaeologically defined regional fishery includes representatives of the Elasmobranchiomorphi (cartilaginous fishes: sharks, rays, and skates) and the Actinopterygii (ray-finned fishes: all bony fishes excluding the coelacanths, lungfishes, and bichirs) ( Table 1) . We report at least 15 species of cartilaginous fishes though some are designated only to a family (e.g. Triakidae) or genus (e.g., Raja). At least 87 species of rayfinned fishes have been reported from archaeological sites on the central coast of California. The majority of the fishes are marine, but seven species are exclusively freshwater (four minnows, Sacramento sucker, Sacramento perch, and tule perch) and three human fisherman vis-à-vis the technologies most suited to their are anadromous (sturgeons, Coho salmon, and steelhead rainbow capture. Most important here is the distinction between medium trout). Gobalet et al. (2004) argue that these fishes were probably to large size fish that occur as lone individuals amenable to capture taken from freshwater streams or estuaries because of the comparby hook and line, and smaller schooling fishes that could be capative ease of capture. Pacific staghorn sculpin technically marine, tured en masse with nets or using baited baskets as described by but they preferentially inhabit estuaries (Moyle, 2002) . The fresh- Fages (1937, see below) . Larger flattened fishes that occur in shalwater species are restricted to the Elkhorn Slough estuary, and low water estuaries would have been susceptible to spears (Pacific have not been found at Morro Bay, owing to the isolation of Morro angel shark, shovelnose guitarfish, skates, bat ray, flounders, and Bay from any major freshwater river. sole). A number of authors (Boone, 2012; Fitch, 1972 Fitch (1972) is the only investigator to report this fish in the archaeological record of California. Recently Gobalet obtained the materials Fitch analyzed and was unable to confirm the presence of Anarrhichthys ocellatus in the samples. These data will be published elsewhere.
fishes based on ethnography and/or the behavioral patterns of the fish. In previous studies (Gobalet and Jones, 1995; Gobalet, 2000; Gobalet et al., 2004 ) the authors demonstrated that many of the fishes identified were extremely uncommon among individual site or regional assemblages (<1% of the remains) and were unlikely to have been the primary targets of the fishers, but instead may represent incidental stomach contents of larger fish, marine birds, or mammals as suggested by Fitch (1972) . More specifically, previous research shows that 25 fishes (or fish clades e.g., Sebastes spp.) account for nearly 90% of all the fish remains represented in the regional record. In Table 2 we summarize the most likely capture technologies associated with these more common regional fishes.
A limited ethnohistory
When Spanish explorers arrived in AD 1769, most of the central California coast was occupied by a large number of small, autonomous tribal groups that Kroeber (1955) referred to as ''tribelets." The manner in which subsistence was accomplished within tribelets vis-à-vis systems of seasonality and settlement is not entirely clear, but the accounts of the earliest Spanish explorers consistently allude to relatively small groups who moved seasonally and exploited a wide range of terrestrial and marine resources. Based on mission records, an estimate of the overall population of the current study area at the time of contact is about 13,000 Fitch (1972) , Salls (1988) , Love (2011) and Langenwalter and Huddleson (1991). individuals (Cook, 1978:91) spread between the shoreline and 100 km inland.
Fish and fishing are mentioned frequently in the very earliest accounts of encounters between the Spanish and Native central Californians, but these descriptions are woefully lacking in details. The earliest recorded observation by the seafarer, Sebastian Cermeno in 1595, probably in the vicinity of Avila Beach is a good example:
There were observed on the shore of the sea many people on top of some bluffs, where they had many settlements. . .I anchored in front of these settlements and I saw how the Indians had on shore many balsas made of tule, which are like reeds, or as otherwise called, tule. The balsas were made like canoes, and with these they go fishing. . .shortly one came down from the bluff, and taking a balsa, got into it and came on board the launch, where we made much of him and gave him some pieces of cotton. . .soon others came and we gave them to understand by signs that they should bring us something to eat, as we had no food. . .They went ashore and brought some bitter acorns and mush in some dishes made of straw. . .They use the bow and arrow, and their food consists of bitter acorns and fish.
[Translation by Wagner, 1924:16] The most detail on fishing was provided by Pedro Fages, who spent four years preparing an official report on the environment and culture of the Native people in south central California. He noted:
. . . Among the sea fish there are many sea bream, crab, whitefish, curbina [white seabass], sardines of three kinds, cochinillo, and tunny; in the streams and rivers there are trout, spinebacks, machuros, and turtles. The fishing canoes are finely described in the public accounts published in October of the year 1770. The tridents they use are of bone; the barb is well-shaped and well adapted to its use. The fishhooks are made of pieces of shell fashioned with great skill and art. For catching sardines they use large baskets, into which they throw the bait which these fish like, which is the ground up leaves of cactus, so that they come in great numbers; the Indians then make their cast and catch great numbers of sardines. [Fages, 1937 [Fages, [1775 :49]
Finally, an important account from the immediately post-contact period suggests highly seasonal (summer) species-specific, targeted fishing in the Monterey Peninsula area:
. . .After two weeks of fish eating, on the Sunday following, leaving the sardines at peace, they went hunting for the nests of sea birds that live in rocks and feed on fish.
[Serra quoted in Breschini and Haversat (1994:184)] Together the ethnographic accounts document only that fishing was accomplished with hook and line, baskets, trident fish spears, and the tule balsa canoe; we can also assume that nets of some type were employed, but we lack descriptions of this technology. Only a handful of exploited species are mentioned. Ethnographic accounts of Native technology are more complete for the Santa Barbara Channel to the south (Hudson and Blackburn, 1982) but the wide array of maritime implements used by the Island Chumashan speakers was not matched on the central coast mainland where people did not employ the sewn-plank canoe. Some writers have tended to extrapolate the southern technologies to the central coast mainland, but the regional ethnohistory, limited as it is in many ways, makes clear that less complex marine resource technologies dominated north of the islands-with watercraft limited to tule balsa canoes.
Archaeological context
The archaeological record shows that no fewer than 100 species of marine and anadromous fishes were caught prehistorically in this region. Findings from CA-SLO-2 (Jones et al., 2008b) and CA-SLO-1797 show that fishing was undertaken at the earliest sites in the study area which date to ca. 10,000 cal BP. A more recently investigated site, just south of the current study area has also yielded abundant fish remains dating 10,700 cal BP (Lebow et al., 2015) . While there are hints of earlier occupations in the region in the form of isolated Clovis projectile points, there are no radiocarbon-dated Clovis sites in the region and the fish bone-bearing middens constitute the earliest substantive evidence for human occupation. The most widely accepted cultural sequence The archaeological record provides an important supplement to the poorly detailed ethnographic accounts with the caveat that most of the ethnohistoric fishing implements (hook and line, baskets, spears, tule balsa canoe, and nets) were made of organic materials that do not commonly preserve in this region. The one artifact that links regional ethnohistory with the archaeological record is the circular shell hook (Fig. 3 ) that has been found at a multitude of sites throughout the region in Late Prehistoric and contact-era contexts. Greenwood's extensive excavations along the Pecho coast in northern Chumash territory show that these hooks came in two forms: J-shaped and C-shaped. Notably, more elaborate grooved and barbed types are limited to the Santa Barbara Channel, and only these simpler forms are known from the central coast. Stratigraphic contexts at Diablo Canyon and directly-dated examples (Breschini and Haversat, 2000) indicate that shell hooks first appeared ca. 3000 cal BP and were used only during the Middle, Middle-Late, and Late periods. This is generally consistent with their dating from the Channel Islands to the south . Strudwick (1986) who completed an exhaustive study of California shell hooks noted that they are more common on the open coast than along the shores of estuaries. Indeed, many estuarine sites with abundant fish remains have failed to yield a single hook although one example was recovered from Elkhorn Slough (Milliken et al., 1999) .
Co-occurring with shell hooks at some open coast sites are notched stones (Fig. 3) , (made by chipping notches into the edges of flat cobbles) that seem to have functioned, based on their cooccurrence with hooks, as line sinkers for hook-and-line fishing (Codding et al., 2009; Codding and Jones, 2007) . These artifacts are distinguished from grooved stones which exhibit a grooved ring around the circumference of fist-sized stones that are interpreted as net weights although this interpretation is admittedly speculative. Stratigraphic contexts at several sites (CA-MNT-281, -282, CA-SLO-9) show that grooved stones seem to pre-date notched stones in some locations. Fishing technology during the Middle and Late periods seems to have included both nets, marked by grooved-stone net sinkers, and shell hooks. However, some Middle Period sites, especially in estuarine settings (e.g., CA-MNT-228, 229), have produced virtually no clear fishing-related artifacts whatsoever despite an abundance of fish bones.
Fishing technologies pre-dating 3000 cal BP are less well understood despite the availability of large excavation samples from a number of sites in San Luis Obispo and Monterey counties. Neither chipped nor grooved stones are known from this time depth, but bone gorges from CA-MNT-108 (Breschini and Haversat, 1989) , CA-MNT-391 (Cartier, 1993) , and CA-SLO-215 (Jones et al., 2004) indicate that these were among the technologies used in the early and middle Holocene to catch fish in central California. The preponderance of small schooling fishes from pre-3000 cal BP contexts (e.g. from CA-MNT-229 and CA-SLO-165) indicates that nets were employed, and asphaltum-lined cobbles from early and middle Holocene contexts at Morro Bay appear to represent the earliest weights that were attached to nets using this natural tar as an adhesive and sealer.
Study methods
Since the Gobalet and Jones (1995) study and subsequent update by Gobalet (2000) and Gobalet et al. (2004) we have compiled a database from the published and gray CRM literature of all excavated sites in the central California coastal region with welldelineated, radiocarbon-defined temporal components that produced substantial quantities of fish remains. For the two counties that have yielded the vast majority of fish bones (Monterey and San Luis Obispo), we have information from 86 sites on a total of 202,177 fish remains (Appendix A, Supplementary Table 1) that we have organized by habitat, time, and method of recovery. We also discuss exigencies of varied archaeological methods of fish bone recovery which is a critical consideration in temporal and spatial comparisons (see discussion by Gobalet, 2005) .
The majority of the fish remains (67,256) classified to at least Elasmobrachiomorphi (sharks, skates, rays) or a family within the Actinopterygii (ray-finned fishes) were identified by one of us (Gobalet) , but the remainder were identified by others. As discussed by Gobalet (2001) , relying on studies completed by a single analyst provides for consistency in identification procedures and taxonomic categories. Because analysts vary in these approaches comparing findings from different analysts can be problematic. Changes in nomenclature by taxonomists can also complicate studies that incorporate data collected over a range of time. Nonetheless, a thorough review of the archaeology of fishing requires that we include studies completed by all who have contributed to the record -with the caveat that only reports with sufficiently detailed descriptions of recovery methods and bone identification procedures have been included.
For each site in the database we first determined whether or not radiocarbon dated components were clearly delineated and if faunal data were broken down accordingly. When zooarchaeological studies were first undertaken in California on a regular basis in the 1970s and 1980s it was not uncommon for faunal data to be summarized by site without regard for components. Such studies were generally excluded from the current effort except in the case of sites with single temporal components. For sites with temporally-organized faunal data, we defined the type of methods used to recover the fish remains and further divided component findings by recovery method. With respect to quantifying the actual fish data, findings have been summarized exclusively by Number of Identified Specimens (NISP) rather than by weight. Certainly the relative value of NISP versus weight quantification has been debated (see Glassow, 2000; Mason et al., 1998 Mason et al., , 2000 , but weight values have not been reported with the same consistency as NISP so only the latter allows us to use more of the regional data for drawing comparisons. For the purposes of the current paper we define ''identified" as specimens assigned to at least a family.
Bioturbation has long been recognized as a significant problem in central California where there are substantial populations of ground-burrowing animals including ground squirrels and pocket gophers. From the overall excavation database, only components that showed reasonably coherent cultural chronological integrity, as demonstrated by superimposed radiocarbon dates and agreement with temporally-diagnostic artifacts, as documented in excavation reports, were ultimately included in the fish remains study. Multi-component sites with evidence for extensive mixing were excluded.
The other taphonomic agent that influences bone assemblages in California is soil acidity (Heizer, 1950) . Marine shell fragments that constitute a large part of midden contents in coastal sites, however, tend to offset low soil pH and contribute to favorable preservation environments. Fitch's original (1972) study from Diablo Canyon demonstrated excellent preservation of even the tiniest bones from contexts dating over 9000 years ago. While soil acidity destroys bones in many parts of interior California, this taphonomic variable seems considerably less problematic in the nearshore sites used for the current study.
For each temporal component (and recovery technique) we calculated: (1) total fish NISP; (2) percentage NISP of dominant taxa; (3) density (NISP/m 3 ) of identified fish bone as a potential index of the relative importance of fishing; (4) the Margalef Index to evaluate relative richness while controlling for sample size; (5) the Berger-Parker Index (in reciprocal form) to evaluate evenness or relative specialization (Magurran, 1988 (Magurran, , 2004 . We also assigned size class and technological category to each component based on the dominant fish. Size classes are based on the maximum weight of the dominant species ranging from small (<1 kg), medium (1-2 kg) to large (>2 kg). Technological categories are estimates derived from the limited ethnographic data (see Codding and Jones, 2007) and aggregated into two categories: mass capture (e.g., nets) vs. individual capture (e.g., hook and line, spears). Components were aggregated according to local fish habitats, and patterns over time were evaluated. Assignments to temporal components were based on radiocarbon dates corrected for isotopic fractionation and calibrated with a local upwelling correction value of 290 ± 35 (Ingram and Southon, 1996) .
Recovery techniques
The revolution in American archaeology that began over 40 years ago brought with it a concern that large mesh apertures (1/4 in. or 6 mm) were inadequate for recovery of small materials like fish bones, and that the relative importance of resources like fish, shellfish, small birds and mammals could be misinterpreted by exclusive reliance of large mesh (Casteel, 1972; Thomas, 1969) . Certainly there can be no denying the basic logic underlying this concern which has been expressed repeatedly in the intervening decades (Gordon, 1993; James, 1997; Schaffer and Sanchez, 1994; Stahl, 1996; Zohar and Belmaker, 2005) . In response to this methodological issue, California archaeologists have increasingly emphasized smaller mesh when sampling coastal midden deposits, but there remains no consensus on the ideal mesh size, excavation volume, or processing technique. The reports included in the present data base detail sampling strategies in which three alternative mesh sizes were employed: 6 mm (1/4 in.), 3 mm (1/8 in.), and 1.5 mm (1/16 in.) in concert with one of two basic processing techniques: one in which recovered residues were sorted dry in the field by excavation technicians (dry-screening) and another in which materials recovered from the field were transported to the laboratory, washed, and sorted (wet-screening).
Many investigations have employed only a single method of recovery, but sites where more than one method was employed allow for comparisons of relative rates of fish bone recovery (Table 3) . Such comparisons show clear trends: (1) the smaller the mesh, the more fish bone recovered, (2) water-screening with laboratory sorting produces more bones than dry-screening, and (3) smaller mesh shows greater frequencies of species that attain only modest size. The difference between wet-screening and dryscreening is perhaps the most significant as the former method has consistently produced samples up to one-two orders of magnitude larger than the latter. Species trends, however, are less straight-forward. In most cases, 1/8-in. and 1/16-in. wetscreened samples show different dominant species. For example, 1/8-in. dry-screened residues from CA-MNT-3 were dominated by rockfish, but 1/8-in. and 1/16-in. wet-screened residues showed a prevalence of the smaller herrings. However, 1/8-in. dryscreened and wet-screened samples from CA-SLO-9 are both dominated by rockfish showing that the correlation between mesh size and taxonomic variation is neither simple nor wholly predictable. A study by Jones and Codding (2012) showed that smaller screen samples generally produce greater species diversity, but they also found that relative trends through time in diversity were identical regardless of screen size from which they concluded that the most important precaution to be taken in evaluating fish remains from multiple sites is to hold methods constant and only compare (methodologically) like samples with like. We follow this procedure here.
Categories of identification
An important study by Gobalet (2001) in which four different analysts identified and quantified the same set of fish remains showed variation associated with different analysts and their approaches to classification. Most apparent in this study was the willingness of some analysts to identify elements to a species while others were only confident with identification to a genus or family. To avoid this problem for the current study, all identifications were collapsed into the taxonomic categories listed in Table 1 which, are those for which Gobalet has the most confidence in his analyses spanning 40 years. This is not to imply that Gobalet's identifications are necessarily more accurate than those of others, but quantified comparisons can only be completed when all specimens have been assigned to the same taxonomic categories.
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Also important in the completion of identifications is for analysts to have at their disposal extensive skeletal reference collections. For the current paper we have only accepted findings from researchers who identified the reference collection used in their analyses. Most of the remains in this study were identified by one of us (Gobalet) who used the reference collection housed at the Department of Biology, California State University, Bakersfield. 
Statistical evaluation
We rely on a number of simple statistics to assess the significance of synchronic and diachronic trends. Analyses examining variation in counts (e.g., the number of components) rely on v 2 tests and report the v 2 statistic, degrees of freedom (df) and the alpha (or p) value. Analyses examining continuous (e.g., fish bone density) or proportional (e.g., 1/Berger-Parker Index) data rely on non-parametric, rank-ordered tests because the dependent variables are not expected to be normally distributed. To determine if continuous measures vary significantly across categories (e.g., fish bone density across habitats), we run Kruskal-Wallis ranksums tests, reporting on the v 2 statistic, df and p-value. To determine if median differences in linear diachronic trends are significant, we rely on Kendall's s, reporting the s statistic and p-value.
All analyses are run in the R environment (R Core Development Team, 2014).
Modern fishery records
For the purpose of comparison we acquired catch records for the Port of Morro Bay in San Luis Obispo County kept by the California Department of Fish and Game (1976, 2010) for the period from 1947 to 2010. Commercial fishing began at this port in 1947 after a breakwater was constructed. The records represents catches made by commercial fishing vessels that employed large commercial nets and were capable of collecting fish from 100 miles or more in all directions from the port.
Results
From the total of 86 excavated sites in the database, 57 provided a total of 79 reasonably cohesive temporal components with accurate dating and proper reporting for a total of 75,532 NISP. Forty-two components were processed by dry-screening (Table 4) and 37 were wet-screened (Table 5 ). The dry-screened materials were from two habitats: the exposed rocky coast and the southern bay/estuaries (Morro Bay and Halcyon Bay). The wet-screened residues represent the exposed rocky coast, the Monterey Peninsula, and the northern bay/estuary at Elkhorn Slough. Findings from Elkhorn Slough are of somewhat limited value for diachronic comparison because no substantive components post-dating 950 cal BP have been identified there. Components in the sample also vary numerically across time in the region with a significant increase in the Early Period (n = 22) over the Millingstone/Lower Archaic Period (n = 11; Table 6 ; v 2 = 3.67, df = 1, p = 0.0555) which has been interpreted previously as evidence for a regional population increase at that time (cf Jones, 1992 Jones, , 1996 Mikkelsen et al., 2000 ; see also Codding et al., 2012; Jones et al., 2007) .
Overarching synchronic trends
Fish bone density recovered from wet-screened components varies meaningfully across habitats (v 2 = 5.62, df = 2, pvalue = 0.0608), but not across dry-screened components (v 2 = 0.44, df = 2, p = 0.5). The greatest density of fish remains
) is represented by findings from the wet-screen residues from the Elkhorn Slough bay/estuary (mean = 4505) and the Monterey Peninsula (mean = 934) with one component from the former yielding over 20,000 elements/m 3 (Breschini and Haversat, 1995) .
The exposed rocky coast shows more modest yields: mean = 72 for dry-screened residues and 198 for wet-screened. Assemblage diversity (Margalef's Index) varies significantly across habitats for the wet- respectively) samples. This suggests that fishing profitability varied significantly across habitats. Combining samples from both recovery techniques, the total temporally controlled sample of 75,532 NISP is dominated by six fish groups: herrings (NISP = 30, 195; 39.9%) , surfperches (NISP = 11,376; 15.1%), New World silversides (NISP = 8773; 11.6%), rockfishes (NISP = 7018; 9.3%), cabezon (NISP = 1751; 2.3%), and pricklebacks (NISP = 907; 1.2%; (Appendix A, Supplementary Tables 2-11) . Additionally, a large number (NISP = 4406) of flounder or sole bones was recovered from one site (CA-MNT-234 at Elkhorn Slough), but these flatfishes were otherwise unimportant in the study area.
Exposed rocky coast
Thirty-seven components represent the exposed rocky coast, 25 were dry-screened, and 12 were wet-screened. Irrespective of time or recovery method, these components are significantly biased (v 2 = 24.1176, df = 3, p < 0.0001) toward the dominance of by rockfish (20 components) and cabezon (9 components) (Appendix A, Supplementary Tables 2-11). Both of these fishes are generally associated with hook and line fishing. The prickleback and surfperch families dominate three and two components respectively. The former includes species that can actually be collected by hand from the intertidal while the latter include a large number of species amenable to capture by both hook and net. Surfperches are the only category of fishes that was taken in substantial numbers from both the open coast and estuaries. The surfperch family, Embiotocidae, contains 18 species that can be found in predictable marine habitats (e.g., sandy, rocky reef, kelp, etc.; Love, 2011).
Monterey Peninsula
While some dry-screened components have been reported from the Monterey Peninsula they are too few and were reported so long ago that we have considered only more recent and robust wetscreened samples here. The sample includes 18 temporal components although only one (CA-MNT-17) pre-dates 5500 cal BP. Patterns over time are also complicated by inter-analyst variation in identifications, specifically of herrings and sardines. One analyst has been more confident in assigning elements to a species, Pacific sardine while others have generally limited identification to the herrings. The dominant species represented in components along the Monterey Peninsula is biased (v 2 = 11.33, df = 3, p-value = 0.0101), toward the herrings family, possibly Pacific sardines, which dominates nine of the temporal components; the others are dominated by rockfishes (7 components), cabezon (1 component), and surfperches (1 component) (Appendix A,  Supplementary Tables 3, 5 , 7, 9 and 11).
Bay/estuaries
The two estuarine systems, Elkhorn Slough and Morro Bay, differ significantly from one another in the dominant taxa (v 2 = 11.76, df = 5, p = 0.0382), although both produced the greatest volumetric fish bone density figures for each of the recovery methods, and it is apparent that they represent the richest prehistoric fisheries. The sample from Elkhorn Slough is more temporally limited, and also shows more variability in the dominant fish groups. Six temporal components associated with that estuary show four different dominant fish groups: New World silversides (three components), herrings (one component), bat ray (one component), and Sacramento perch (one component). The latter is the only instance of a component dominated by a freshwater species. Morro Bay shows much less variability with 11 components dominated by surfperches, New World silversides (three components), herrings (two components), and Pacific staghorn sculpin (one component) (Appendix A, Supplementary Tables 2-11 ). The New World silversides are strong indicators of fishing with nets, while the surfperches are suggestive of net use but are less definitive. A study by Bertrando and McKenzie (2011) also concluded that nets were used from the very beginning at the Morro Bay estuary.
Diachronic synthesis
Patterns over time are complex and do not exhibit a singular unified trend across all environments. With respect to the relative importance of fish in general as suggested by fish bone density (NISP/m 3 ), it is abundantly clear that fish bones and fishing did not simply increase linearly through the Holocene. There are no significant linear trends in mean fish bone density from the wetscreened sample along the exposed rocky coast (s = 2, p = 0.75) or on the Monterey Peninsula (s = 4, p = 0.75; Fig. 5a ); nor are there significant linear trends in mean fish bone density in the dryscreened sample in either habitat (rocky coast: s = 4, p = 0.82; Morro Bay/Halcyon Bay: s = 2, p = 0.23; Fig. 5 ). Nearly all of the highest fish bone density values pre-date the onset of the Late Period. The highest in the sample are from Early Period components on the Monterey Peninsula at CA-MNT-108 (Breschini and Haversat, 1989) and at CA-MNT-234 at the Elkhorn Slough estuary (Breschini and Haversat, 1995) (Fig. 2) . Averaged temporal wetscreened samples show the peak in fishing at Elkhorn Slough estuary during the Early Period and on the open coast during the Middle-Late Transition (Fig. 5) . Dry-screened residues from the open coast and Morro Bay/Halcyon Bay paleo-estuary also exhibit peak values during the Middle-Late Transition (Fig. 5) . For the overall regional sample, fishing seems to have been more economically significant prior to the onset of the Late Period when most areas and recovery methods actually show a decline. The only species that shows significant diachronic decline is the bat ray which represents 4.9-7.5% of assemblages from estuaries during the Millingstone/Lower Archaic Period (Appendix A, Supplementary Tables 2 and 3) but is essentially absent from nearly all settings after 3000 cal BP (Appendix A, Supplementary Tables 7-11). Broughton et al. (2015) rank this species high due to its size, and would likely attribute its decreasing numbers over time to resource depression. Boone (2012) , however, noted the same pattern in the Monterey Bay area, but attributed it to sedimentation (accompanying sea level rise) and decreases in bat ray habitat. At Morro Bay, Jones et al. (2015) attributed it to a change in seasonality as bat rays are strictly summertime visitors to central coast estuaries (Love, 2011:75) . None of these alternative explanations can be ruled out so a definitive case for human impact on this species cannot be established.
Diachronic trends in assemblage diversity are also non-linear. Variation in Margalef's Index values ( The limited change over time that is present probably results from the interaction between fish species, technology and habitat. The Millingstone/Lower Archaic components show strong evidence for reliance on nets because of the dominance of small fishes (Fig. 4d) , however, there is distinctive regional variation. The southern estuaries show high frequencies of New World silversides (Appendix A, Supplementary Table 2), schooling fishes that seem to be especially reliable indicators of net use. This species, however, is nearly absent from the comparably dated components from Elkhorn Slough which makes the inference for net use at that setting less definitive for the Millingstone/Lower Archaic Period. After ca. Slough. This dramatic shift in species suggests the possibility that netting was pursued here for the first time ca. 5500 cal BP while it was already the dominant technology at the southern estuaries. Unfortunately, the artifact record from Elkhorn Slough is moot on this possible transition as no net weights have been recovered from the area from early Holocene contexts. Overall, however, the shift that is most apparent at the onset of the Early Period is the heavy increase in single-target species by line or spear. This trend is clearly related to the increase in the number of sites occupied on the open coast at this time ( estuary and Monterey Peninsula show slight decreases and no significant change in dominant species. The reduced abundance of fish remains during the Middle Period in the Monterey area probably reflects low human presence in the area during the early Middle Period as reflected by the gap in the local radiocarbon record identified by Breschini and Haversat (2011) . The appearance of shell fishhooks may have had a small impact on the more southern fishing practices, but it does not seem to have affected major change throughout the study region. Overall, no significant increase in individual species capture can be associated with the Middle Period. Variability associated with the Middle-Late Transition is limited to the afore-mentioned peaks in NISP/m 3 which are most evident in the dry-screened residues from the open coast and southern estuaries, but also represented in the wet-screened samples. In the southern half of the study area the Middle-Late Transition is marked by the appearance of a new form of stone sinker that Codding and Jones (2007) interpreted as a line sinker used with hooks rather than nets. However, the meta-sample shows no increase in hook and line fishing at this point in the sequence and dietary evenness actually increases, as would be expected with a generalized netting strategy. A distinctive increase in hook-andline fishing is evident during the Late Period although it also correlates with the afore-mentioned overall decrease in fishing during the Late Period. The Late Period trends further are associated with a significant decrease in the Berger-Parker (relative evenness) index in both the wet-screened and dry-screened remains (Fig. 7) . Although there is no significant temporal variation in Margalef's Index (diversity) values (Fig. 6 ) the decrease in evenness during the Late Period suggests at least a modicum of specialization. Recognized previously by Jones and Codding (2012) , such specialization is consistent with ethnographically described sardine fishing in the Monterey Peninsula area (Breschini and Haversat, 1994) . Remarkably, the Late Period sites producing the highest frequency of the bones of herrings (CA-MNT-1485/H and -1486/H) are situated ca. 30 km inland in the headwaters of the Carmel Valley. After the Middle Period fishing seems to have become a specialized, seasonally-restricted activity that involved brief seasonal trips to the coast where watercraft was relied upon to pursue herrings (probably sardines) and transport catches inland as part of an overall economy that was more terrestrially focused. Pricklebacks which can be taken by hand nearshore and seem to have always been a component of shoreline-based fishing practices are absent from the inland, sites rich in the bones of herrings of the upper Carmel Valley support the notion that was a profoundly different strategy for exploiting marine fish than had been used previously. That specialized, more seasonally restricted fishing was limited to the Monterey Peninsula suggests culturally mediated variation in settlement and fishing practices between the Costanoan-speaking peoples on the Peninsula and other groups to the south where no such Late Period specialization is apparent.
Overall, temporal variation in fish bone assemblages at this regional scale seems to reflect the dominant habitats that people occupied. For example, time periods when more sites occur adjacent to estuarine habitats, fish bone assemblages will reflect smaller, net caught fish; when more sites are located along exposed rocky coastlines, fish bone assemblages will reflect larger, individually caught fish. Because fishing profitability varies both with the size of the fish and the technology, these findings suggest that individuals along the central California coast were always working to acquire the most profitable fish relative to their local habitat (individually capturing large fish when available, or netting small fish when available), with little diachronic variation when habitats are held constant. The limited diachronic changes show that there is no evidence for overexploitation.
Comparison with historic catch records
While the modern catch records, of course, represent technologies for mass capture beyond the capabilities of prehistoric people as well as distances traveled offshore, they nonetheless provide data for comparison in terms of the amount of food available in offshore waters. Initial commercial fishing from the port of Morro Bay was focused on two deep water species: albacore tuna and sardines (Table 7) . Albacore are exclusively pelagic and have never been found in significant numbers in the central coast archaeological record. Sardines, on the other hand, spawn inshore (but also occur 300 miles offshore), are found in the archaeological record, and were noted in ethnographic accounts from Monterey (see above). The historic center of sardine fishing was the port of Monterey where this was the single most important commercial fish in California until its well-documented collapse in the 1940s. During the first year for which commercial records are available for the Port of Morro Bay (1947), 220,439 lb of albacore were reported (California Department of Fish and Game, 1976) . Sardines appear for the first time in 1950 when 8,807,055 lb were recorded. As the commercial fishery expanded over the following 50 years, fishermen increasingly exploited nearshore species in addition to the pelagic ones -tapping some of the same fishes caught prehistorically. Rockfish were taken for the first time in 1950, and in 1955 over 3 million pounds were recorded at the port. The total from 1950 to 2010 was over 107 million pounds of rockfish. Multiple factors influenced yields over the decades including changes in regulations, numbers of boats, consumer tastes, and market prices. Fluctuations can be seen between sardines and anchovies which biologists attribute to oscillations in temperature regimes (Chavez et al., 2003) . Yields in recent decades of many species are noticeably lower than those from the 1950s which can be attributed to large-scale commercial overharvest (see discussion by Jackson et al., 2001 ). However, it would be untenable to suggest that indigenous fishing in this region ever reached the magnitude that it accomplished the same thing. With only 13,000 people spread between Morro Bay and Monterey Bay prehistorically, the sardine fishery alone on this upwelling-fueled coastline was productive enough to sustain substantially higher human populations. And, if crashes in sardine populations occurred, there is evidence for exploitation of over 80 other species.
Summary and discussion
The meta-dataset shows only very modest changes between 10,000 and 300 years ago, and further suggests continuous harvest of a relatively productive, stable resource that was too abundant to be seriously impacted by pre-European populations. There is no evidence for gradual or incremental intensification in fishing, rather there are three intervals of change in fish remains and inferred fishing practices that seem best explained by external factors of human population and/or environment rather than any changes in productivity of the fishery: one at 5500 cal BP (the transition from Millingstone/Lower Archaic to Early Period) when there is an apparent increase in hook and line/spear (individual pursuit), second, increases during the Middle-Late Transition, and third at the onset of the Late Period, when the volumetric density of fish bone decreases and diversity declines.
The 5500 cal BP date has been previously associated with a major cultural transition along the central coast (Jones, 1992; Jones et al., 2007) when human settlements become more visible, numerous, and functionally diverse (Bertrando, 2006; Codding et al., 2012) . Whether this reflects climatic amelioration at the end of early-mid Holocene warming (Mikkelsen et al., 2000) , the appearance of new cultural groups (Moratto, 1984) , a demographic threshold (Jones, 1996) , or some combination thereof, remains unclear, but these changes can be accurately described as an interval of modest increase in fishing. Nets were clearly used from the very beginning, and were actually most important in the earliest millennia of the Holocene. Rick and Erlandson (2000) reported similar evidence for early Holocene net use on the mainland of the Santa Barbara coast. This may reflect a bias toward the exploitation of highly productive environments, such as estuaries Table 7 Annual landings by select species for the port of Morro Bay, 1947 (compiled by Schmicking (2012 from California Department of Fish and Game, 1976 ). 1947 -1950 1951 -1960 1961 -1970 1971 -1980 1981 1991 (Jones, 1991) , where nets were necessary equipment to acquire high-profitability fish resources. Nets require substantial investments of time and energy to produce (Lindstrom, 1996 :138 suggest over 1400 h for a gill net) and maintain, thereby representing a labor-intensive subsistence regime that would make sense only for people who already committed themselves to a maritime way of life (Bettinger et al., 2006) . In this light, net use early in the Holocene would seem to represent something developed, and subsequently maintained, through a process of coastal migration into the New World. The technological change represented at this point in time ( Fig. 4b and d) is likely an expression of larger changes in settlement locations tied to demographic pressure in the highly productive estuarine environments which pushed people into less suitable open coastline habitats . While the appearance of curved shell hooks may have altered the character of fishing in the Santa Barbara Channel during the Middle Period as McKenzie (2007) suggests, their appearance on the central coast is not associated with punctuated changes in the relative frequency of fish remains, and seems merely a case of diffusion not major technological advancement. Furthermore, we can detect no clear temporal directionality in the diversity of fish remains, only a tendency for bay/estuaries to show the highest diversity values. The only period representing relatively high average fish bone density across all sampling methods and habitats is the MiddleLate Transition Period. This second, more punctuated increase in fishing during the Middle-Late Transition seems to reflect intensified use of marine foods when terrestrial productivity was reduced during droughts of the Medieval Climatic Anomaly (Codding et al., 2010; Jones and Ferneau, 2002; Joslin, 2010; Mikkelsen et al., 2000) and sea surface temperatures were generally cold and highly productive (Kennett and Kennett, 2000) . The density of fish remains from many Late Period sites is lower than earlier periods. This seems consistent with the notion that fish (and other marine foods) gave way to acorns as the major subsistence focus in this region during the last half millennium of prehistory (Bettinger, 2015) . Furthermore, there is little to suggest that changes in technology affected subsistence change. Climatic amelioration following the MCA shows a decrease in fishing and increased specialization which suggests more seasonally restricted, targeted fishing at least among the Costanoanspeaking tribelets of the northern study area. We believe the latter trend suggests more seasonally-restricted, targeted fishing consistent with ethnographic observations in the Monterey Bay area (Breschini and Haversat, 1994) .
Conclusions
Evaluation of a meta-dataset of over 200,000 fish bones from 86 sites representing the period between 10,000 and 300 years ago shows only modest changes that are readily attributed to intervals of modest human population growth and/or changes in climate. Fishing increased slightly when human numbers went up at midHolocene and when terrestrial productivity declined during late Holocene drought. Advances in technology seem unrelated to these brief intervals of fishing increase. Fish were caught with nets and watercraft from the very beginning of the sequence, and those technologies seem to have dominated throughout. There are no changes in dominant species that suggest reduction of a topranked species and resort to lower-ranked, more labor-intensive fish. The abundant regional fishery, fueled by marine upwelling, seems to have been very minimally affected by pre-contact human exploitation, the catches from which were decidedly lower that the huge numbers of fish caught by commercial boats in the 20th century. The prehistoric resource, however, was under-exploited and was relied upon to yield more food whenever more was needed. The combination of a relatively low human population and highly productive fishery resulted in a clear case of epiphenomenal sustainability, fostering a situation different from that of coastal southern Mexico where Kennett et al. (2008) detected Archaic Period human-induced impacts on fisheries. There, however, human populations were increasing at rates that would eventually lead to dense urban settlements and civilizations later in the Holocene, and the fishery, in a non-upwelling zone, was less abundant.
Some of the variation in fishing practices and technology also seems more influenced by historical contingencies. The use of nets from the very beginning seems largely the result of a marine tradition brought into the New World by coastal migrants. The appearance of curved shell hooks seems more related to diffusion of this type of hook from the south rather than a development needed to procure more food. During the Late Period fishing seems to have given way to the acorn economy which, if Bettinger (2015) is right, had its roots in the introduction of the bow and arrow to eastern California in the first millennium AD. The timing of the subsequent diffusion of the bow and arrow further west to the central coast coincides with evidence for increased acorn exploitation and less emphasis on fishing even though the latter could have certainly provided more food if needed. That historical contingency could influence these technological changes seems consistent with the notion that Native populations in California were below carrying capacity as suggested by Baumhoff (1963) . Based on different calculations Baumhoff (1979) later changed his mind, at least based on the carrying capacity of a human population dependent on acorns. Nonetheless, along the central coast human populations were positioned along the interface between enormous ocean fisheries and extensive acorn-bearing oak woodland that could have sustained more than the 13,000 people present there at the time of contact.
